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It is found that a linear cross section gives a good fit to the data in the range covered.
Other shapes for the cross section are considered. The experimental cross section is compared with several theoretical calculations.
II. METHOD
The essential features of thi method used to measure the drift velocity are illustrated schematically in Fig. 1 . The electrode structure is a parallel plate condenser with a guard ring around one of the plates to provide uniformity of the electric field in the central region. To understand the operation of the tube, suppose that there is a stead> source of electrons at the plate shown on the left (the cathode) and a voltage square wave is applied to this electrode. The right hand lectrode (the anode) is at a potential which is essentially ground potential, i.e., it is within a few millivolts of ground. For the positive half-cycle of the square wave, the field is in a direction such that electrons do not drift across the tube. For the negative half-cycle, the electrons drift from the cathode toward the anode, and two cases can be distinguished. First, suppose that the half-period, T, of the square wave is less than T, the electron drift time across the gap. In this case the direction of the field reverses before the electrons reach the anode, and in the positive half cycle they drift back toward the cathode. It is clear that if we have a dc meter in the anode circuit, the induced currents cancel out and the average current, I, is zero.
If T is greater than T, the field acts in the right direction long enough to allow some electrons to reach the anode, and there will be a non-zero dc anode current. If the current available from the cathode is i , the magnitude of the average currenc collected at the anode Is the charge collected during the time T -T divided by the period of the square wave
In terms of the frequency, f, of the applied square wave, we have
and 1=0 for £ > ~ ,
It is seen that if the average current is plotted as a function of the frequency, a curve is obtained (solid curve in Fig, 2 ) which decreases linearly up to the point where T = T and is zero thereafter. In terms of 1 frequency, the break in the curve occurs at a frequency given by f = -. By this means it is possible to measure the electron drift time, r, by observing the break point in the current versus frequency curves= Knowing the drift distance then enables one to obtain the drift velocity.
The description just given is a simplification of the actual experimental situation in two respects. First, we have neglected diffusion.
The main effect of diffusion is to round off the sharp break iru ^ated by the solid curve in Fig. 2 , since some electrons drift across in time less than T and others in time greater than T. Secondly, in the actual experimental situation, both electrodes act as sources of electrons. The electrons are obtained by thermionic emission from the two electrodes at the equilibrium temperature of the tube, which is about 250 C. The thermionic emission from the two electrodes is comparable but not equal, since there is a difference of a few degrees in temperature between them caused by a better heat sink to the outside from one of them. If the thermionic currents available from the. two electrodes are designated as i, and i", and if the amplitude of the positive half-cycle of the applied square wave is equal in magnitude to that of the negative half-cycle then the effect of emission from both electrodes is to replace i by i -i» in Eqs. (2) and (3), Figure 2 shows a typical curve for the average anode cvrrent vs. frequency of the square wave. The break point is obtained by extending the linear regions at high and low frequencies until they intersect. In order to reduce end effects, the drift time was measured as a function of the dt^ft distance, with E/N held constant, and the drift velocity was taken from the slope of T vs d curves.
The T vs d curves were linear but did not, in general, go through the origin Figure 3 shows a typical example.
The extrapolated value of T at d = C was never more than 107= of the value of T at the largest value of d. with Eq, (4). The main problem in the present weasuremencs was to make sure that equilibrium had be»n reached, so that Eq. (4) could be used to calculate the cesium pressure.
The procedure followed in obtaining a .csium-argon mixture was to set the cesium reservoir temi-erature to give the desired cesium pressure, then admit argon to the desired pressure and close the by-pass valve (Fig. 4) .
It was initially expected that the time required for equilibrium to be reached would be of the order of an hour. However, drift velocity measurements revealed that, at a given value of H/N, the drift velocity changed slowly by about 20% of its departure from the value for pure Ar over a period of several days ai.d did not become constant with time until about three days 19 after the mixture was prepared.
The measurements presented here are the long time measurements when the drift velocity was constant with time; the ceaium pressure is assumed to have reached its equilibrium value and is computed from Eq. (4). The long time required to reach equilibrium has been found by 20 others working with ceaium, and is presumed to be due to a combination of diffusion and wall-coating effects.
One possible alternative explanation for this change with time is to assume that the cesium reacts chemically with some impurity coming off the Wdils of the vacuum system, so that cesium atoms are, in effect, removed from the system at a constant rate. If this were the case, it would be possible to arrive at a steady state cesium density which is determined not by the reservoir temperature but by the rate of reaction. To check this possibility, the drift velocity was remeasured with the drift tube at a higher temperature, such that the rate at which impurities were given off by the vacuum walls was increased by a factor of four. This factor of four increase in impurity buildup was known from previous measurements of the rate of rise of pressure
In the vacuum system as a function of temperature, before the cesium ampule was broken. The result of this tes was that the measured drit. velocity agreed with the previously determined value. This increaae-i our confidence that the cesium pressure in the drift reg on dn>.s in fact correspond to the equilibriuir vapor pressure at the reservoir temperature.
V. RESULTS
The drift velocity was measured as a function of E/N for several values of N" /N. . For N /N < 10 ' the cesium had no effect on the drift Cs Ar Cs' Ar velocity; i.e., the drift velocity measured was characteristic of pure argon-
The present results for low density ratios are compared with the results of 
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A qualitative explanation for the change in drift velocity due to the presence of the cesium is as follows;
In the E/N region above -19 2 5 x 10 V-cm , the electrons in the high energy tail of the distribution are energetic enough to excite cesium atoms to the first excited state.
22 The threshold energy is 1.386 eV.
When such a collision occurs, the electron is left with very little energy. That is, it is transferred from the high energy tail of the distribution function to the low energy region, where the cross section for electron-argon collisions is much lower due to the Ramsauer minimum. This lower effective cross section results in a higher drift velocity, so that the effect of inelastic collisions with cesium atoms is to increase the drift velocity above that ia pure argon.
The momentum transfer cross section for electron-argon collisions 23 is known, so that the present data may be used to obtain the cross section Since N-is always less than 10 ' K , the contribution of Cs to the effective momentum transfer scattering cross section for the mixture is negligible for all cases considered in this paper. The momentum transfer crods section used for Ar is that given by Frost and Pheips, A discussion of available .aomentum transfer cross section data for Cs is given in Appendix I of this paper. The negligible contribution of Cs to the momentum transfer cross section is borne out experimentally by the fact that for -13-E/N low enough that inelastic collisions cannot occur to any appreciable extent, the drift velocity agrees with the drift velocity in pure argon.
In the present case we are concerned only with the excitation of cesium since the excitation of the electronic states of Ar is negligible at the E/N considered. Since all of the parameters which enter into Eq. Calculations were also performed assuming cross sections for excitation to the two excited 6P states; the 6P, M state with threshold 22 at 1.386 ev and the bP.,^ state with threshold at 1.454 eV. Linear shapes were assumed for both cross sections and it was also assumed that the ratio of the slopes of the bP-w? to t^e bPi/T curves was two to one, 28 the ratio of the statistical weights.
Comparison of the results of this calculation with experiment are shown in Fig. 7 . The best values obtained ■ 15 2 fv«. the slopes were 2.5 x 10 cm /eV for excitation to the 6P. /^ state -15 2 and 5 x 10 cm /eV for excitation to the bP^y-state. The drift velocity calculated from this "two threshold" case gives a little better fit to -18 2 the experimental data in the E/N region around 10 V/Cui , but the precision of the data is not good enough to indicate a clear preference for the two threshold case over the single threshold case.
No calculations were made including any higher excited states since states higher than the 6P states are not expected to have any significant effect on the drift velocity. The reason for this is that the cross sections for excitation to higher states are expected to be small compared to the cross section for excitation to the resonance states.
At high energies, where the Born approximation is valid, the relative Consequently, only excitation to the 6P states has been considered in the analysis of the present data. cm /sec; this is used to calculate the momentum transfer cross 37 section shown in Fig. 9 , labeled Boeckner and Mohler (revised).
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Also shown in Fig. 9 are a number of other experimental tneasurenients of the raoraentum transfer cross section in cesium.
The Brode curve in Fig. 9 represents the total cross section as obtained from measurements with a monoenergetic electron beam; all of the other curves shown are obtained from experiments which involve a distribution of electron energies. Ideally, one would like to derive moncenergetic cross sections from these experiments so that the comparison will be more meaningful. This has been done for 5 some, but not all, of the curves shown in Fig. 9 .
Chen and fteether give an expression for the monoenergetic 0 ; this expression was used to plot 9 their results.
Meyerand and Flavin have also taken the energy dependence 3 of the cross section into account.
Roehling gives values for the averaged cross section at various temperatures; his data are represented in Fig. 9 by a smooth curve drawn through these values with the electron energy taken to be kT. The data of Harris and Mullaney and Dibelius are plotted assuming that the collision frequency they measured was constant from -r kT 6 -1 S 2 to 2 kT. Morgulis and Korchevoi give a value of 5 x 10 cm for the o momentum transfer cross section at an electron temperature of *** 5000 K; this value is plotted with the electron energy taken to be kT.
The data 3 of Steinberg is not plotted in Fig. 9 , since it Is believed that these measurements were subject to errors similar to those discussed above in the case of Boeckner and Mohler, but of unknown magnitude.
It will be seen from Fig. 9 that there is still considerable uncertainty in the low energy momentum transfer cross section, but that the cross section in low enough not to be important in the «nalysis of Sect. VI.
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